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We consider the density profile of pressureless dark matter in Eddington-inspired Born-Infeld
(EiBI) gravity. The gravitational field equations are investigated for a spherically symmetric dark
matter galactic halo, by adopting a phenomenological tangential velocity profile for test particles
moving in stable circular orbits around the galactic center. The density profile and the mass dis-
tribution, as well as the general form of the metric tensor is obtained by numerically integrating
the gravitational field equations, and in an approximate analytical form by using the Newtonian
limit of the theory. In the weak field limit the dark matter density distribution is described by the
Lane-Emden equation with polytropic index n = 1, and is non-singular at the galactic center. The
parameter κ of the theory is determined so that that the theory could provide a realistic description
of the dark matter halos. The gravitational properties of the dark matter halos are also briefly
discussed in the Newtonian approximation.
PACS numbers: 04.50.Kd,04.20.Cv
I. INTRODUCTION.
Despite numerous observational and experimental at-
tempts, up to now the elusive dark matter particles have
evaded detection. Great hopes in gaining more insights
into the nature of dark matter are related to the Alpha
Magnetic Spectrometer (AMS-02) collaboration results,
which have just been released [1]. The AMS experiment
has determined the positron fraction in cosmic rays with
extremely high precision. The positron fraction rises con-
tinuously from∼ 5 GeV up to ∼ 350 GeV, while the slope
becomes flat above ∼ 100 GeV [1]. In order to explain
the AMS results, dark matter is still an attractive can-
didate. In fact, dark matter annihilation into τ+τ− final
states, which results in a soft positron spectrum can ac-
count for the AMS-02 data quite well. Other channels for
dark matter annihilation/decay into multiple µ or τ lep-
tons can also reproduce the AMS-02 data [2]. However,
presently, the only convincing evidence, based on the flat
rotation galactic curves and the virial mass discrepancy
in clusters of galaxies for the existence of dark matter, is
gravitational [3]-[7].
In standard general relativity the coupling between
matter and gravity is given by a proportionality rela-
tion between the stress-energy tensor and the geometry.
Although both the stress-energy tensor and the Einstein
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tensor are divergenceless, there is no obvious reason why
the matter-gravity coupling should be linear [8, 9]. On
the other hand, modified theories of gravity usually affect
the vacuum dynamics, yet keep the matter-gravity cou-
pling linear. Recently, to provide matter-gravity coupling
modifications, based on the Eddington gravity action
[10], and Born-Infeld nonlinear electrodynamics [11], the
Eddington-inspired Born-Infeld (EiBI) theory has been
proposed [12, 13]. The EiBI theory coupled to a perfect
fluid reduces to standard general relativity coupled to a
nonlinearly modified perfect fluid, leads to an ambigu-
ity between modified coupling and a modified equation
of state [14, 15]. The theory has interesting cosmolog-
ical consequences, leading to the possibility of avoiding
cosmological singularities [16]. The structure of the neu-
tron and quark stars for different equations of state of
the dense matter were investigated in [17]. However, the
EiBI theory is reminiscent of the Palatini gravity for-
mulation, and it shares the same pathologies, such as
curvature singularities at the surface of polytropic stars
[18].
It is the purpose of this Letter to investigate the prop-
erties of dark matter halos in the EiBI gravity theory.
By assuming a spherically symmetric pressureless dark
matter halo, and a very general tangential rotation curve
profile, the gravitational field equations of the EiBI model
are exactly solved numerically, and the behavior of the
dimensionless density and mass profiles, as well as the
metric tensor coefficients are explicitly obtained. The
dark matter distribution has a very sharp boundary that
defines the radius of the dark matter distribution. In
order to obtain an analytic representation of the dark
matter halo properties the gravitational field equations
2describing the dark matter distribution are solved to a
first order approximation of the coupling constant κ. The
dark matter density profile and the galactic metric in the
dark matter halo is explored, and explicitly obtained, and
the respective gravitational properties are also briefly dis-
cussed in the Newtonian approximation.
The present paper is organized as follows. The
Eddington-Inspired Born-Infeld gravity is briefly re-
viewed in Section II. The basic field equations describ-
ing the galactic dark matter halo properties are written
down in Section III. In Section IV we solve numerically
the field equations describing dark matter halos, and ob-
tain the density and the mass distributions, as well as the
metric coefficients. An approximate solution of the field
equations is obtained, and its properties are discussed in
Section V. We discuss and conclude our results in Sec-
tion VI.
II. EDDINGTON-INSPIRED BORN-INFELD
GRAVITY
The starting point of the EiBI theory is the gravita-
tional action S, given by [13],
S =
1
8pi
1
κ
∫
d4x
(√
− |gµν + κRµν | − λ
√−g
)
+
SM [g,ΨM ] , (1)
where λ 6= 0 is a dimensionless parameter, and κ is a
parameter with inverse dimension to that of the cosmo-
logical constant Λ. Rµν is the symmetric part of the
Ricci tensor, and is constructed solely from the connec-
tion Γαβγ . The matter action SM depends only on the
metric gµν and the matter fields ΨM . The determinant
of the tensor gµν + κRµν is denoted by |gµν + κRµν |. In
the limit κ→ 0, the action Eq. (1) recovers the Einstein-
Hilbert action with λ = Λκ+ 1. However, in the present
paper, we consider only asymptotic flat solutions, and
hence take λ = 1. Therefore the cosmological constant
vanishes, and the remaining parameter κ plays the deter-
mining role for the description of the physical behavior of
various cosmological and stellar scenarios. Several con-
straints on the value and the sign of the parameter κ have
been obtained from solar observations, Big Bang nucle-
osynthesis, and the existence of neutron stars in [13, 19–
22]. The structure of compact stars in EiBI theory has
been investigated by several authors [19, 23, 24]. In par-
ticular, for cases with positive κ, effective gravitational
repulsion prevails, leading to the existence of pressureless
stars (stars made of non-interacting particles which pro-
vide interesting models for self-gravitating dark matter)
and increases in the mass limits of compact stars [19–24].
In the EiBI theory the metric gµν and the connection
Γαβγ are treated as independent fields. By varying the
action (1) with respect to the connection Γαβγ , and with
respect to the real metric gµν , yield the following field
equations qµν = gµν+κRµν and q
µν = τ (gµν − 8piκT µν),
respectively. The auxiliary metric qµν is related to the
connection by Γαβγ =
1
2q
ασ (∂γqσβ + ∂βqσγ − ∂σqβγ), and
τ is defined as τ =
√
g/q. If the stress-energy tensor T µν
vanishes, then the real metric gµν is equal to the apparent
metric qµν . Hence, in vacuum the EiBI theory is equiv-
alent to standard general relativity. The stress-energy
tensor T µν satisfies the conservation equations given by
∇µT µν = 0, where the covariant derivative ∇µ refers to
the metric gµν .
III. STATIC SPHERICALLY SYMMETRIC
DARK MATTER HALOS IN EIBI GRAVITY
We consider that the dark matter halo is static and
spherically symmetric. Therefore the line elements for
the physical metric gµν and for the auxiliary metric qµν
take the forms
gµνdx
µdxν = −eν(r)c2dt2 + eλ(r)dr2 + f (r) dΩ2, (2)
qµνdx
µdxν = −eβ(r)c2dt2 + eα(r)dr2 + r2dΩ2, (3)
respectively, where ν (r), λ (r), β (r), α (r) and f (r) are
arbitrary metric functions of the radial coordinate r, and
dΩ2 = dθ2 + sin2 θdφ2. The galactic halo is made up of
a perfect fluid described by the standard stress-energy
tensor
T µν =
(
ρc2 + p
)
uµuν + pgµν , (4)
where ρ, p and uµ are the energy density, the isotropic
pressure and the four velocity of the fluid, respectively,
with the latter satisfying uµuνgµν = −1. The system of
gravitational field equations describing the dark matter
halo structure yields [23, 24]
d
dr
(
re−α
)
= 1− 1
2κ
(
2 +
a
b3
− 3
ab
)
r2, (5)
e−α
(
1 + r
dβ
dr
)
= 1 +
1
2κ
(
1
ab
+
a
b3
− 2
)
r2, (6)
eβ =
eνb3
a
, eα = eλab, f =
r2
ab
, (7)
where we have defined the arbitrary functions a (r) and
b (r) as
a =
√
1 + 8piκ
G
c2
ρ, (8)
and
b =
√
1− 8piκG
c4
p, (9)
respectively. In the g–metric the conservation of the
stress-energy tensor yields the result
dν
dr
= − 2
p+ ρc2
dp
dr
=
4b
a2 − b2
db
dr
. (10)
3The existence of dark matter at the galactic scale is in-
ferred from the study of the rotational velocities of mas-
sive test particles (hydrogen clouds) around the galactic
center. The Lagrangian L for a massive test particle
reads
L = 1
2
(−eνc2t˙2 + eλr˙2 + r2Ω˙2), (11)
where the overdot denotes differentiation with respect
to the affine parameter s. By defining the tangential
velocity vtg of a test particle, as measured in terms of
the proper time [25], that is, by an observer located at
a given point, as v2tg = e
−νr2 (dΩ/dt)
2
, we obtain the
expression of v2tg for a test particle in a stable circular
orbit as [26] - [30]
v2tg
c2
=
1
2
rν′. (12)
For v2tg we assume the simple empirical dark halo rota-
tional velocity law [31]
v2tg = v
2
0∞
(r/ropt)
2
(r/ropt)
2
+ r20
, (13)
where ropt is the optical radius containing 83% of the
galactic luminosity. The parameter r0, defined as the
ratio of the halo core radius and ropt, and the ter-
minal velocity v∞ are functions of the galactic lumi-
nosity L. For spiral galaxies r0 = 1.5 (L/L∗)
1/5
and
v2∞ = v
2
opt (1− β∗)
(
1 + r20
)
, where vopt = vtg (ropt), and
β∗ = 0.72 + 0.44 log10 (L/L∗), with L∗ = 10
10.4L⊙. For
r → 0, vtg → 0, while for r/ropt ≫ r0, vtg → v0∞. In the
following we denote v∞ as
v2∞ =
v20∞
c2
. (14)
Therefore, the most general static and spherically sym-
metric metric of the dark matter halo can be written as
ds2 = −eν0
[(
r
ropt
)2
+ r20
]v2
∞
dt2 + eλ(r)dr2 + r2dΩ2,
(15)
where eν0 is an arbitrary constant of integration.
In the Newtonian limit the gtt component of the met-
ric tensor is given by eν ≈ 1 + 2ΦN , where ΦN is the
Newtonian gravitational potential satisfying the Poisson
equation ∆ΦN = 4piρ [25]. In the constant velocity re-
gion the mass M(r) of the dark matter and the energy
density ρ vary with the distance as M(r) = v2tgr and
ρ = v2tg/4pir
2, respectively.
IV. THE DARK MATTER DENSITY PROFILE
AND THE GALACTIC METRIC IN EIBI
GRAVITY
In the present Section we will restore the normal as-
trophysics units in all equations. In order to study the
extra-galactic motion of massive test particles in EiBI
gravity, we assume that the motion takes place in a cos-
mic medium that satisfies the
(
8piGκ/c4
)
p ≪ 1. There-
fore we immediately obtain b ≈ 1, and hence the dark
matter properties can be described by the effective mat-
ter density ρ only, which determines the function a. For
a galactic metric of the form given by Eq. (15) we obtain
eβ =
eν0
[
(r/ropt)
2 + r20
]v2
∞
√
1 + 8piκρ
, (16)
β′ = 2v2∞
r/r2opt
(r/ropt)
2
+ r20
− 4piκG
c2
ρ′
1 + (8piGκ/c2) ρ
,
(17)
respectively.
Then, by using a series expansion of a and β′ to first
order of κ, we obtain(
1 + 8pi
G
c2
κρ
)−1/2
+
√
1 + 8pi
G
c2
κρ− 2 ≈ 0, (18)
2 +
√
1 + 8pi
G
c2
κρ− 3
(
1 + 8pi
G
c2
κρ
)−1/2
≈ 16piG
c2
κρ,
(19)
and
β′ = 2
v2∞
(r/ropt)
2
+ r20
r
r2opt
− 4piκG
c2
ρ′. (20)
Therefore the field equations Eqs. (5)-(6) become
d
dr
(
re−α
)
= 1− 8piρr2, (21)
and
re−α =
1
1/r + 2v2∞
(
r/r2opt
)
/
[
(r/ropt)
2
+ r20
]
− 4piκρ′
,
(22)
respectively.
A. The density profile and the metric of the dark
matter halos in EiBI gravity
In order to obtain a simpler form of Eqs. (21) and
(22) we introduce a set of dimensionless variables (η, θ)
defined as
r = roptη, ρ =
c2
8piGr2opt
θ. (23)
Hence Eqs. (21) and (22) can be written in a dimen-
sionless form as
d
dη
(
ηe−α
)
= 1− θη2, (24)
4and
ηe−α =
(
1
η
+ 2v2∞
η
η2 + r20
− k0 dθ
dη
)−1
, (25)
respectively, where we have denoted
k0 =
κ
2r2opt
. (26)
By taking the derivative with respect to η of Eq. (25),
with the use of Eq. (24) we obtain the following equation
describing the behavior of the dark matter density in the
EiBi gravity
θ′′ = −κ0
(
η2θ − 1) θ′2 −
[
r20 + η
2
(
2v2∞ + 1
)]2
κ0 (η2 + r20)
2 θ +
2
(
η2θ − 1) (η2 + r20 + 2η2v2∞)
η (η2 + r20)
θ′ +
6v2∞
κ0 (η2 + r20)
+
4η2
(
v2∞ − 1
)
v2∞
κ0 (η2 + r20)
2 . (27)
Equation (27) must be integrated with the initial con-
ditions θ(0) = θc, and θ
′(0), respectively. The second of
Eqs. (23) provides
θc =
8piGr2opt
c2
ρc. (28)
In the following we will fix the dark matter halo parame-
ters so that ropt = 5 kpc = 1.5×1022 cm, and ρc = 10−24
g/cm3. This gives θc = 4.19 × 10−7. For the tangential
velocity in the constant velocity region we adopt the value
v∞ = 100 km/s, while for r0 we take the value r0 = 1.
The variation of the dimensionless dark matter den-
sity profile θ as a function of η, and for different val-
ues of κ0, is represented in Fig. 1. As one can see from
Fig. 1, in the EiBI gravity the dark matter halos have
a sharp boundary ηS , which defines the radius RDM
of the galaxy. For the numerical values of the param-
eter κ0 considered in the numerical analysis, we obtain
RDM = ηSropt ≈ 12.5 − 17.5 kpc, a value which is rea-
sonable from an astrophysical point of view. Hence, in
order to explain the observed properties of the dark mat-
ter halos the parameter κ of the theory must have a value
of the order
κ ≈ 2r2optκ0 ≈ 2.25× 1044 cm2. (29)
The variation of the metric coefficient e−λ =√
1 + 2κ0θe
−α is represented in Fig. 2.
The mass of the dark matter halo MDm(r) is given by
GMDM (r)
c2
=
r
2
(
1−
√
1 + 8pi
G
c2
κρe−α
)
. (30)
By introducing the dimensionless dark matter mass
m(η), defined as
MDM (r) =
c2ropt
G
m(η), (31)
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FIG. 1: Variation of the dimensionless dark matter density
profile θ as a function of the dimensionless radial coordinate
η for different values of κ0: κ0 = 0.3 (solid curve), κ0 = 0.5
(dashed curve), κ0 = 0.7 (short dashed curve), and κ0 = 1
(long dashed curve), respectively. The initial conditions are
θ(0) = 4.19× 10−7 (corresponding to ropt = 5 kpc and a dark
matter central density ρc = 10
−24 g/cm3), and θ′(0) = 10−7.
For the values of the astrophysical parameters describing the
halo we have adopted the numerical values v0∞ = 100 km/s,
and r0 = 1, respectively.
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FIG. 2: Variation of the metric coefficient e−λ =√
1 + 2κ0θe
−α as a function of the dimensionless radial co-
ordinate η for different values of κ0: κ0 = 0.3 (solid curve),
κ0 = 0.5 (dashed curve), κ0 = 0.7 (short dashed curve), and
κ0 = 1 (long dashed curve), respectively. The initial con-
ditions are θ(0) = 4.19 × 10−7 (corresponding to ropt = 5
kpc and a dark matter central density ρc = 10
−24 g/cm3),
and θ′(0) = 10−7. For the values of the astrophysical pa-
rameters describing the halo we have adopted the numerical
values v0∞ = 100 km/s, and r0 = 1, respectively.
we obtain
m(η) =
η
2
(
1−
√
1 + 2κ0θe
−α
)
=
η
(
1−
√
1 + 2κ0θ
1
η + 2v
2
∞
η
η2+r2
0
− k0 dθdη
)
. (32)
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FIG. 3: Variation of the dimensionless mass profile of the dark
matter halo in the EiBI gravity as a function of the dimen-
sionless radial coordinate η for different values of κ0: κ0 = 0.3
(solid curve), κ0 = 0.5 (dashed curve), κ0 = 0.7 (short dashed
curve), and κ0 = 1 (long dashed curve), respectively. The
initial conditions are θ(0) = 4.19 × 10−7 (corresponding to
ropt = 5 kpc and a dark matter central density ρc = 10
−24
g/cm3), and θ′(0) = 10−7. For the values of the astrophysical
parameters describing the halo we have adopted the numerical
values v0∞ = 100 km/s, and r0 = 1, respectively.
The variation of the mass density profile of the dark
matter in the EiBI gravity is represented in Fig. 3.
V. DARK MATTER HALOS IN THE
NEWTONIAN LIMIT
In the non-relativistic limit the action Eq. (1) leads
to the modified Poisson equation for the gravitational
potential Φ, given by [13, 19],
∇2Φ = 4piGρ+Gκ
4
∇2ρ. (33)
For a spherically symmetric static dark matter distri-
bution, with the use of Eq. (33), we obtain the hydro-
static equilibrium equation as [19]
dp
dr
= −GM
r2
ρ−Gκ
4
ρρ′. (34)
In the case of dark matter halos the approximation p = 0
gives a very good description of the galactic properties of
the dark matter. By combining Eq. (34) with p = 0 with
the mass continuity equation
dM
dr
= 4piρr2, (35)
we obtain the following equation describing the density
distribution of the dark matter halos in the Newtonian
approximation of EiBI gravity,
1
r2
d
dr
(
r2
dρ(0)
dr
)
+
2
κ¯
ρ(0) = 0, (36)
where we have denoted by ρ(0) the density in the Newto-
nian approximation, and κ¯ = κ/8pi, respectively.
Eq. (36) is the Lane-Emden equation for the polytropic
index n = 1 [32, 33], and its non-singular solution at the
center is given by
ρ(0)(r) = K
sin
(√
2/κ¯r
)
√
2/κ¯r
, (37)
where K is an arbitrary constant of integration. Since
at the center of the galactic halo the density of the
dark matter is ρ(0)(0) = ρ0, it follows that K = ρ0.
In the EiBI theory the dark halo has a sharp bound-
ary RDM , corresponding to ρ
(0)(RDM ) = 0, which gives
RDM =
√
κ¯/2pi. Thus, the mass profile of the dark mat-
ter M(r) = 4pi
∫ r
0 ρ
(0)(r)r2dr is given by
M(r¯) =
4R3DM
pi2
ρ0 [sin (r¯)− r¯ cos (r¯)] , (38)
where r¯ = pir/RDM is defined for convenience.
The q-metric coefficient e−α = 1− 2GM(r)/c2r yields
e−α = 1− 8R
2
DM
pir¯
ρ0 [sin (r¯)− r¯ cos (r¯)] =
1− ρ¯0
r¯
[sin (r¯)− r¯ cos (r¯)] , (39)
where ρ¯0 = 8Gρ0R
2
DM/pic
2. For the metric coefficient
e−λ = e−αa, we obtain
e−λ ≈ e−α
(
1 + 4piκ
G
c2
ρ
)
= e−α
[
1 +
ρ¯0
r¯
sin (r¯)
]
, (40)
while the function f(r¯) is given by
f(r¯) =
(
R2DM/pi
2
)
r¯2√
1 + 8piκρ
≈ R
2
DM
pi2
r¯2
[
1− ρ¯0
r¯
sin (r¯)
]
. (41)
Thus, the metric of the dark matter halo takes the form
ds2 = −eν0
[(
RDM
piropt
)2
r¯2 + r20
]v2
∞
c2dt2 +
R2DM
pi2
dr¯2[
1− ρ¯0r¯ sin (r¯) + ρ¯0 cos (r¯)
] [
1− ρ¯0r¯ sin (r¯)
] +
R2DM
pi2
r¯2
[
1− ρ¯0
r¯
sin (r¯)
]
dΩ2. (42)
The total mass of the dark matter halo is given by
MDM = M (RDM ) =
√
2pi2κ3/2ρ0 = (4/pi)ρ0R
3
DM . The
mean density < ρ > of the dark matter halo is obtained
as < ρ >= 3MDM/4piR
3
DM = 3ρ0/pi
2.
In the Newtonian approximation the gravitational po-
tential Vgrav (r) of the dark matter distribution in the
EiBI theory is determined for r¯/pi ≤ 1 by
Vgrav =
1
8pi
∫ RDM
r
M (r′) dr′
r′2
=
ρ¯0
16pir¯
sin (r¯) . (43)
6At small radii and for r¯/pi ≤ 1 the potential behaves as
Vgrav(r¯) ≈ ρ¯0
16pi
(
1− 1
3!
r¯2 +
1
5!
r¯4 − 1
7!
r¯6
)
+O(r¯)8.
(44)
The gravitational potential energy U(r) per unit mass
and inside radius r of the dark matter halo yields
U = −1
2
∫ r
0
ρ(0)(r)M(r)
r
r2dr = −R
5
DMρ
2
0
4pi3
×
{2r¯ [2 + cos (2r¯)]− 3 sin (2r¯)} . (45)
Thus, the total potential energy of the dark matter halo
is given by U (RDM ) = −
(
3ρ20/2pi
2
)
R5DM .
VI. DISCUSSIONS AND FINAL REMARKS
In the present paper, we have analyzed the dark matter
density profiles, and their geometry, in the EiBI grav-
itational theory. As a first step in our study we have
adopted a very general tangential velocity profile [31],
which, together with the requirement of the motion of
the test particles in stable circular orbits, allows to for-
mulate the basic equations describing the general rela-
tivistic dark matter halos in the EiBI theory. The solu-
tion of the field equations has been obtained numerically,
after reducing them to a dimensionless form.
In the Newtonian approximation of the dark matter
pressure satisfying the condition p = 0, the dark matter
density profile satisfies the Lane-Emden equation with
a polytropic index n = 1 [32, 33]. Therefore the dark
matter profile can be obtained in an exact analytic form,
as well as the full galactic dark matter metric, in both
g and q geometries. Similar results for pressureless stel-
lar profiles have been obtained in [15]. The non-singular
n = 1 polytropic density profiles show the presence of an
extended core, whose presence in the considered model is
due to the matter-gravity coupling, and modified geom-
etry.
In fact, in the context of extended theories of gravity, it
was argued that the generic corrections to the Newtonian
potential could fit data and reproduce the observational
galactic dynamics [34]. These corrections are not phe-
nomenological but arise from the weak field limit of the
extended relativistic theories of gravity that predict the
existence of Yukawa-like corrections to the Newtonian
potential. These corrections imply that further scales
have to be taken into account and that their effects should
be irrelevant at local Solar System scales. Indeed, con-
sidering the modified Lane-Emden equation arising from
f(R) gravity, it was shown that the differences between
GR and f(R) gravitational potentials become evident for
larger radii from the centre, so that the corrections to the
potential can significantly boost the circular velocity for
an extended system such as in a galaxy. In the strong
field regime, such corrections could give rise to peculiar
stellar structure or trigger the Jeans instability, and this
issue was further explored in [35].
As follows from our numerical results, in order to ob-
tain realistic dark matter density profiles the unique free
parameter of the EiBI gravity must be of the order of
κ ≈ 1044 cm2. This result is consistent with the value
of the galactic halo radius obtained in the Newtonian
approximation. On the other hand the studies of the
structure of the compact general relativistic stars require
a value of κ of the order of κ = 1012 cm2 [17, 20–22].
Moreover, for a given κ, the theory predicts a universal
dark matter halo distribution. These contradictory re-
sults raise the question of the viability of the EiBI gravity
as a theoretical model that could describe gravitational
phenomena on all astrophysical and cosmological scales.
It is interesting to note that similar constraints requiring
very large values of κ have been obtained in [18] from
the requirement of the absence of strong near-surface
curvature effects. For simple Newtonian configurations
in which the density distribution deviates from perfect
smoothness at a given cut–off surface the EiBI theory
may yield surface singularities. For the case of a poly-
tropic star with M = 1.4M⊙ and radius R = 10
−2R⊙,
the constraint on κ can be formulated as κ ≥ 6×1038+2k
cm2, where k is a parameter related to the form of the
polytropic equation of state that provides a reliable de-
scription of the matter close to the surface of the star.
In the standard dark matter models, the n = 1 poly-
trope is used to model dark matter in the form of a
Bose-Einstein condensate, namely, an assembly of light
individual bosons that acquire a repulsive interaction by
occupying the same ground energy state [36–38].
In the present approach to the dark matter halos all the
relevant astrophysical quantities can be predicted from
the model, and can be directly compared with the corre-
sponding observational parameters (the dark halo mass,
the radius of the galaxy, etc), with all the properties of
the dark matter halos being determined by a single pa-
rameter κ. Therefore, although lying beyond the range
of the present paper, the in-depth comparison of the the-
oretical predictions of the EiBI gravity model with the
galactic and extra galactic scale observations yield tight
constraints on the numerical values of κ, thus leading to
a direct viability test of the theory. Work along these
lines is currently underway.
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